ABSTRACT Recent publications on commercial porcine bioprosthetic cardiac valves have stated that the endothelium disappears during the glutaraldehyde processing and that in many cases histological evidence of early tissue deterioration was found. Our experiences have shown that porcine aortic valves can be processed in glutaraldehyde without loss of the integrity of the endothelium and with the development of optimum collagen fibre structure. The valve mounted in a Dacron tube is not restricted in diameter and performs well under biological conditions up to a period of six months.
Bioprosthetic cardiac valves in clinical use are processed in glutaraldehyde at one stage of preparation, and these valves are thought to be stable and biologically inert, both these advantages being attributed to the glutaraldehyde (Carpentier et al, 1969; Zuhdi, 1976; Ionescu et al, 1977; Angell et al, 1977) . The length of the collagen cross-links formed by this four carbon atom open chain aldehyde proved favourable for the durability of a cardiac bioprosthetic valve, and probably glutaraldehyde eliminates the antigenicity of the heterologous tissue. Bioprosthetic valves are far less thrombogenic than prosthetic ones (Oyer et al, 1977) . Nevertheless, there are justifiable reservations against their exclusive use. The anatomical structure of the pig aortic valve makes it more or less restrictive so that it causes functional valvar stenosis (Johnson et al, 1976; Lurie et al, 1976) . Furthermore, there is increasing pathological evidence questioning the inertness of the glutaraldehyde-processed tissue under biological conditions (Spray et al, 1976; Fishbein et al, 1977; Spray and Roberts, 1977; Ashraf and Bloor, 1978) . Recently cellular damage in the valve cusps caused by the standard, commercial glutaraldehyde processing has been described (Ferrans et al, 1978 
Results

EFFECT OF FIXATION
Definite differences were observed in the valves subjected to the two methods of fixation. In those fixed in 4% formaldehyde foci of disarray of collagen tissue and areas of necrosis were found-that is, the fibrillar characteristics of collagen tissue were lost, and the tissue assumed a smudged outline (fig 1) . These changes were not seen in any of the glutaraldehyde-treated valves.
EFFECT OF PHYSICAL MANIPULATION
Valves subjected to a pressure of 100 mmHg were superior to those packed with cotton wool because the normal anatomical configuration of the leaflets as well as the root of the aorta were preserved. In both these methods of approach stretching of leaflets was observed. Microscopically normal architecture was well preserved, and the endothelial cells and the collagen fibres were regularly arranged in the valve leaflets that were of uniform thickness (fig 2) . No histological differences could be found in the leaflets packed in cotton wool or subjected to pressure of 100 mmHg. The At necropsy no evidence of cusp degeneration was seen in any of the aortic valve leaflets. Ingrowth of fibrous tissue did not extend beyond the level of the glutaraldehyde-treated valve. Striking differences between the pulmonary and aortic valves were observed. In the pulmonary valves shrinkage and obvious calcification was seen whereas none of these changes were observed in the leaflets of the five aortic valves. In both groups, however, calcification was found on the internal surface of the conduit. The apical hole of the left ventricle had become smaller during the sixmonth period of observation. The most severe changes were seen in the two cases with pulmonary valve implantation.
Corresponding with the macroscopic observation, there was no histological evidence of cellular tissue ingrowth from the host heart into the implanted valve (fig 5) . Cellular elements of donor tissue were retained, and only occassional foci of disorientated collagen were seen in the aortic valves (fig 6) . Severe degenerative changes accompanied by calcification and inflammatory cell invasion were observed in the pulmonary valves (fig 7) . Discussion
The effect of fixation of the different aldehydes and its relation to the length of the carbon chain attached to the aldehyde group is well known. Carpentier has pointed out that glutaraldehyde, by virtue of its effect on collagen and tissue antigenicity, gives the best results in fixing and storing cardiac valves (Carpentier et al, 1969) .
Our observations suggest a third factor which favours glutaraldehyde rather than formalin fixation. This factor is the consistent presence of tiny necrotic centres in the formaldehyde-fixed tissue. Significant differences in location and amount of calcification were observed between aortic and pulmonary valves. The calcium deposits never occurred in the valve leaflets of the aortic valves. The structure of the pulmonary valve cusps was completely destroyed by degeneration and calcification, despite the lack of histological evidence that pulmonary valves would have reacted differently from aortic ones to glutaraldehyde fixation. The degenerated pulmonary valves showed no signs of overstress from the inappropriately high pressure in the left ventricle-aortic position. The probable explanation of the different results lies in the different anatomical shape of the aortic and pulmonary artery roots. The former can be accommodated in the Dacron tube with only the sinuses deformed, but this is impossible in the latter because of the striking difference between the diameter of the pulmonary valvar annulus and that of the main pulmonary artery. We think it is the total deformation of the original anatomical shape that leads to degeneration and, finally, calcification in the pulmonary valves. This observation underlines the importance of the appropriate stream conditions for any given bioprosthesis. 
